Abstract. The performance of AERONET or AMMA in West Africa over the past two decades had been successful but not without its challenges. These challenges had resulted in the loss of large volume of useful data. The frequent failures of ground measuring devices over West Africa have been linked to the manufacturer and christened 'manufacturer-error'. In this paper, it was proposed that the frequent failure of ground measuring devices is due to systemic-error. To address the systemic-error, we propose that the configuration of the constants-embedded in the compact flash of the measuring devices is not compatible with the atmospheric conditions of the West African climate. A statistical investigation was carried out on both the ground and satellite dataset to determine the aerosols retention capacity within the West African space. A dispersion model was developed to incorporate salient assumptions and parameters like the Unified number. Fourteen and thirteen years dataset were obtained from Multi-angle Imaging SpectroRadiometer (MISR) and AERONET respectively. Five locations were considered in this study; Ilorin-Nigeria, Ouagadougou-Burkina Faso, Lome-Togo, Conakry-Guinea and Niamey-Niger which are positioned on latitude 8. . Also, it was observed that the high aerosols retention over the locations portray danger to the life form, such as unbearable thermal comfort, increased heat flux, partial famine e.t.c. Hence, the proper documentation and execution of the correct atmospheric constants over locations of West Africa is a novel concept.
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Introduction
The lower atmosphere is made up of non-uniform layers of aerosols (Emetere and Akinyemi 2013; Emetere, 2013) . The thickness or depth of the aerosol layer in the atmosphere depends on the aerosols ejection sources present in the atmosphere or on the earth (Emetere et al., 2015a) . Primarily, the aerosols layer scatters or absorbs light from the sun. Beyond its absorbing or scattering tendency is its ability to create several refractive indexes for light and signals (Emetere et al., 2015b) . The presence of a multiple refractive index affects the functionality of ground measuring devices and satellite sensors via signal attenuation. Reeves et al., (2010) affirmed the possibility of multiple aerosol layers in the West African atmosphere via the flying programme of AMMA which measured the vertical and horizontal distribution of aerosols from the planetary boundary layer to the lower stratosphere. The extent of danger caused by the aerosol layers over West Africa cannot be quantified at the moment, but it is certain that the three decades satellite and ground observations over West Africa have suffered setbacks due to excessive anthropogenic activities (Giglio et al., 2010) which have altered the Stokes' regime. For example, the AMMA campaign in Africa adopted various radiosondes for their campaign. Each of the radiosonde was selected based on their biases to relative humidity measurements. Vaisala RS80-A sondes have large dry biases and Vaisala RS92 sondes have weakly moist biases. Bock et al. (2008) documented the biases of the radiosondes except for MODEM M2K2 sondes whose humidity biases are not known. The unknown biases of the MODEM M2K2 sondes have been proven to engender the lost of TEMP messages from reliable (ground and satellite) stations .
The diagnosis of this perennial challenge is traceable to systemic anomalies than the acclaimed 'manufacturer-error'. Some of the failed measuring equipments had shown good successes elsewhere other than West Africa. Hence, we propose that the systemic problems are direct negligence of the dynamism of the West African climate system. The Stokes' regime of the West African atmospheres had been underestimated because of the assumed aerosols loading parameters. The formulation of models to explain the physics of aerosols transport have severally suffered setback which ranges from the initial or boundary conditions, bogus formulations for turbulent or mild fluid flow, misconceptions about the Stokes' regime, assumptions of wind analysis. The comprehensive incorporation of all known and unknown factors which creates wide variation between satellite or in-situ measurements can be achieved by adopting a sectional model design. If the required parameters are figured out, it would lead to a proper documentation of the atmospheric constants that should be configured into the compact flash of the measuring devices. The need to document atmospheric constants over West Africa is essential because of its independent atmospheric motion vectors (Agusti-Panareda et al., 2010) and inability of moisture convergence over the Sahel region (Meynadier et al., 2010) . How can the atmospheric constants be obtained? Aerosol dispersion models are used to determine salient constants used for calibrating the sun photometer (Schotland et al.,1986) . The constants are used in automatic weather station to monitor the aerosol distribution at certain altitudes (Unknown, 2015) and transform signals into real in the Compact Flash (CF) Card. Since the occurrence in the troposphere or Stokes' region differs, the value of the atmospheric constant differs with respect to geographical regions. The west African aerosols retention state cannot be ascertain at the momemt. The menace of this state results in an increased warming of the atmosphere (Ramanathan and Feng, 2009 ), reduced or increased rainfall (Teller and Levin), climate change (Verheggen and Weijers, 2009), increased heat flux (Liu et al., 2014) . The objective of this paper is to develop a mathematical platform using statistical results from fourteen years ground and satellite dataset to determine the atmospheric constants over few locations over West Africa. In section two, the mathematical platform for determining the atmospheric constant was developed. The mode of data collection was discussed in section three. A comprehensive statistical analysis for ground and satellite observations was examined in section four. The application of the developed model on satellite dataset for the determination of the atmospheric constant over some locations in West Africa was discussed in section five.
Theoretical Background of the Study
Emetere and Akinyemi (2013) propounded the 3D plume model. The model was initially used to investigate the pollution from cement factory. The model showed excellent correspondence with the pollutant dispersion and depositions around a cement factory. The governing equation was given as
Here, is the wind velocity (m/s), P is the air upthrust, x is the wind coordinate measured in wind direction from the source, y is the cross-wind coordinate direction, z is the vertical coordinate measured from the ground, C(x,y,z) is the mean concentration of diffusing pollutants of diffusing substance at a point (x,y,z) [kg/m 3 ], Ky, Kz is the eddy diffusivities in the direction of the y-and zaxes [m 2 /s], S is the source/sink term [kg/m 3 -s]. The turbulent diffusivity and wind speed cannot be related by mere assumption and subsequent use of the Kriging interpolation method. Therefore a comprehensive mathematical representation is required to appreciate the corporate influence of the wind direction in the plume system. 
while the descending particulate-mild dispersion is mathematically expressed as
for a trivial case, equation (4) 
, , α and β are constants that would be determined via remotely sensed data set. The determination of constants α and β depends on the proper understanding of the physics of damped forces. Stokes' law assumes that the earth is a sphere and the aerosols or other moving atmospheric gases or suspended particles as fluid. Since the Stokes' law influences the Stokes regime, the description of the laminar or turbulence flow by Reynolds or the Knudsen number may be somewhat questionable by their basic definitions. This is evident in the active expression of the Stokes drag in the Stokes regime or creeping flow regime at small Reynolds numbers (Re < 0.5). At higher Reynolds numbers, the drag coefficient requires correction i.e. Knudsen number or Cunningham correction factor or both in some cases. The application of the Cunningham correction factor requires a wide range of the Knudsen number i.e.
= ≤ 1000 at low Reynolds number.
The unique dynamism of the Stokes' velocity which controls aerosols chemical and physical properties can be expressed mathematically
Here, D is the diameter of particulates, is its density, is the air dynamic viscosity, g is the gravity constant, Cc is the Cunningham coefficient and is the air density. Where Cc is given as
Here λ denotes the molecular mean free path in the gas. Cunningham correction factor applies to the Stokes law settling velocity for minute particles at standard temperature and pressure. Cunningham correction factor is insignificant when being applied to the atmospheric dispersion problems because the settling velocities of the particles are extremely small compared to vertical motions. In order to achieve the aim of this paper, Emetere (2014) came up with the Unified number (Un). The Unified number governs the convective phenomena between two interacting fluids (monodispersion and poly-dispersion flows) that are separated by a conducting medium. It was derived via the Poiseuille's criteria by the inclusion of two salient parameters i.e. unified number (U) and temperature profiles. The basic operation of this model concentrates on the vertical motion along the z-axis. U is the unified parameter and it is defined as = (9) is the mean velocity of that fluid, is specific heat at constant-pressure, is the density, h is the convective heat transfer coefficient and is the thermal ratio which defines the ratio of the average temperature of fluid in the pipe to the room temperature of the pipe. The unified number has been validated in the laboratory framework (Emetere, 2014) . The unified number was used to determine the volume flow rate which varies to the third power of the diameter (D). The unified number has also been used to the aerosol size distribution over Lagos-Nigeria ( 
The general term which describes the poly-dispersion flow is given as
Since the dispersion sources are unpredictable on a larger scale, we assume a nearly uniform dispersion from all sources. The mixed state of both the mono-dispersion and poly-dispersion flows is therefore represented in a general term as
m is the number of dispersion sources. For simplification of the above equation, = and = + − , hence when equation (13) is wavelength dependent, it becomes
Let the initial conditions be (0) = , | (0) = . The Laplace transform was applied to solve equation (14)
If the term 'B' is minimum i.e. B=0, then 
Here v is the settling velocity (cm/s) and = 1. Hence the formulation for the aerosol size distribution From equation (17),
Hence, it can be compared with equation (6) bcos
Equation (21) gives three kinds of equations on the ground that Dx represents two terms of the left term.
Equation (22) is most valid for the study because of the variability of . More so, when aerosols are deposited into the atmosphere, do not have a significant effect on its lifespan.
Hypothesis 1:
A term can be introduced into the cosine in equation (24) using the trigonometric principles i.e. the power of the particular cosine depends on the term 'n'.
is the extensive term which emerge from the expansion of the main equation Hence, the term ( ) can be introduced into cosine via the 'abridged trigonometry hypothesis' shown above
Applying the principles of multiple refractions expressed in equation (6), equation (26) can also be written as
Validation of dataset used
The dataset used for this research was obtained from AERONET (http://aeronet.gsfc.nasa.gov/) and Multi-angle Imaging SpectroRadiometer (MISR). Thirteen and fourteen years dataset from the AERONET and MISR were used respectively for the analysis. ) and gathers data in four different spectral bands (blue, green, red, and nearinfrared) of the solar spectrum. The blue band is at wavelength 443nm, the green band is at wavelength 555nm, the red band wavelength 670nm and the infrared band are at wavelength 865nm. MISR acquire images at two different levels of spatial resolution i.e. local and global mode. It gathers data at the local mode at 275 meter pixel size and 1.1Km at the global mode. Typically, the blue band is used to analyze coastal and aerosol studies. The green band is used to analyze Bathymetric mapping and estimating peak vegetation. The red band is used to analyze the variable vegetation slopes. The infrared band is used to analyze biomass contents and shorelines. The location of study borders on four countries i.e. Nigeria, Guinea, Burkina Faso, Togo and Niger as shown in Figure 1 . The specific location and its estimated human population are given in Table 1 .
Methodology
Equation (27) is inserted into the Matlab curve tool to obtain the constants by fielding in the MISR yearly data set for each location. The numerical results obtained on the Matlab were within 95% confidence bounds. The properties of the 'goodness of fit' for all the curves in Figures 3a-3n have Sum of Squares Due to Error (SSE) of 0.006216. SSE measures the total deviation of the response values from the fit to the response values. The R-square is given as 0.9468. R-square measures how successful the curve fits can explain the variation of the AOD data. From the data, it is shown that the proposed model, that is, equation (7) is able to explain 94.68% of the total variation in the MISR dataset. Summarily, the constants obtained from the numerical output have high accuracy, and as such, it can be relied upon. Also, the statistical tool was used to examine various parameters over the years. For example the aerosols retention and loading were obtained from the statistical tool. The location of study is explained in the next section Guinea is located on latitude 7°N to 12°N and longitude 8°W to 13°W. It is bounded within an approximate total area of 245,860 km 2 . Guinea is surrounded by Guinea-Bissau to its northwest, Senegal to its north, Mali to its north northwest, Côte d'Ivoire to its west, Liberia to its southwest, and Sierra Leone to its south. Its geographical structure includes lowland, Guinean forest, highlands and southeastern rain-forest region. Burkina Faso is referred to as Sahel country and located on latitude 10°N to 14°N and longitude 0.7°W to 4°W. It is bounded within an approximate total area of 274,200 km 2 . Its geographical structure includes forests in the south and desert in the north. Its climate is warm and humid. It has two seasons; wet season around May to September, and dry season around October to April. 
Locations of Study

Statistical Justification of Atmospheric Constants
The ground observation in Ilorin-Nigeria for the year 2001 was more stable than the satellite observation though they have almost the same trending ( Figure 2) . However, the variations between the satellite and ground observations may be due to multi refractive indexes which arise due to the moving aerosol layers in the atmosphere. In the previous section, the mathematical representation has been shown and tested. 
The aerosols retention can be calculated from Tables 2b-7. Hence the likely aerosol retention in the atmosphere over Ilorin is given in Table 2a below. It is inferred from the statistical parameters that the corresponding highest skew and KolmogorovSmirnov stat for the satellite dataset in 2003, may not be just a coincidence. Hence, further research is recommended.
The likely guesses may be that the satellite orbited over Ilorin and Ouagadougou almost at the same. Also, it may be as a result of fast moving aerosol layer which occurs in the evening time due to fast moving cold front.
Statistical Parameters
2002
Ground 
Atmospheric Constant Determination via Dispersion Model
The yearly AOD keeps dropping minutely in Ouagadougou-Burkina Faso (Figure 4 ). Scanty AOD data was noticed in June and July due to high rainfall which led to 'rain washing'. 'Rain washing is a process where the atmosphere tries to purify itself by washing off aerosols via downpour. Since Ouagadougou is a hot semi-arid under Köppen-Geiger classification, it is expected that aside the anthropogenic releases from biomass, the harmattan dust from the Sahara would constantly influence its aerosols loading per year. The AOD diagram ( Figure 5) shows that aerosol loading kept reducing despite the increase in human activity and the constant influence of Sahara dust (Lindén et al., 2012). The population in Ouagadougou is expected to grow from 1.9 million in 2010 to 3.4 million in 2020 (UNEP-Nairobi, 2010). This strange yearly reduction of AOD leads to an important question on what factor is responsible for the reduction of the aerosol loading in 2013? There had been public awareness on preventive step towards reducing aerosol loading in Ouagadougou, for example, prevention of anthropogenic pollution in the evenings due to poor ventilation of the area (Lindén et al., 2012); the use of clean energy source for cooking; creating awareness on the need for populace to patronize public transport to avoid the carbon prints from automobiles. The AOD pattern perfectly agrees with the proposed model ( Figure 5 ). The only exemption was for the month of January. This feature (in January) is very unique compared to the previous locations discussed in West Africa. More preventive measures should be enforced to preserve life forms in January. Ilorin has scanty AOD data for June to September (Figure 6 ). This may be due to presence of moisture or fog (Falaiye et al., 2015) . Unlike Lagos (a coastal location in Nigeria), its AOD is majorly influenced by tropospheric aerosols. These kinds of aerosols are majorly dust particulates. The AOD pattern drops consistently from the highest value in February to September (Figure 7) . This means the aerosol loading in Ilorin are majorly reduced by rainfall. The dataset for December consistently differ from the proposed model (Figures 8-10 ). From the AERONET ground measurement shown in Figure 2 , it can be induced that the aerosols build-up as a result of the northeast winds from October to December. The cumulative aerosol loading from anthropogenic and dust influx in December surpass the expected outcome as predicted from the proposed model. From literature (Falaiye et al., 2015) , farming activities is usually high around December, hence, biomass burning is expected to increase during this period. The aerosol loading over Conakry fluctuates on yearly bases in the last six years ( Figure 11 ). For example, in 2010 and 2012, the aerosols loading were high while in 2011 and 2013, the aerosols loading were low. These results may emanate from the variation in southwesterly wind which extends from June to November and the northeasterly harmattan dusty wind that extends from December to May (Figure 12 ). There was no AOD data retrieved for the month of July. NOAA dataset reveals that the highest precipitation over Conakry is found in July. Therefore, Conakry AOD feature obeys the proposition made earlier. The AOD trend in Conakry is in agreement with the proposed model ( Figure 13 ). The AOD pattern of Niamey shows a gamma distribution with the maximum in March (Figure 14) . The aerosol content in Niamey gradually reduced from March to December showing that almost same kind of aerosol physical properties exist in Niamey, Bamako and Sokoto. The three locations are within the same tropical savanna climate, so it is expected that they possess almost the same AOD pattern. Niamey has hot semi-arid steppe climate with constant influence of harmattan dust. Its highest precipitation is recorded in July and August. However, this had very little influence over aerosols loading. Hence, the volume of other types of aerosols from anthropogenic activities is high compared to the harmattan dust accumulation in the atmosphere. The AOD trend in Niamey is in agreement with the proposed model (Figures 15 and 16) . However, the multi phase examination of the Niamey AOD data was used to ascertain the atmospheric constant on a yearly basis (Table 11) . 
Conclusion
The proposed idea of generating atmospheric constants over some locations in West African had been justified by adopting mathematical protocols to incorporate the optical and physical properties of the atmospheric aerosols. The fourteen years satellite and ground observations was tested and validated for five locations in West Africa. The aerosols retention over some of the location shows that life forms in the region are in grave danger of natural accidents like harsh thermal comfort, partial famine, and contagious diseases. The atmospheric constants were classified into three parts; phase difference, tuning constant and atmospheric constant. This simply means that radiosonde and other measuring instrument could achieve over eighty percent data retrieval if the atmospheric constants reported in this text are configured in the compact flash of measuring devices. It was noticed that months of high rainfall has no or low AOD. It was also observed that most West Africa locations have poor ventilation towards the evening. This leads to the accumulation of aerosols in the atmosphere. The study has diverse importance to all sector of human existence. The thermal comfort over some of the West African countries has risen very high. The danger of not properly estimating the aerosols loading and retention over West Africa could lead to more deaths and diseases. Curbing this menace starts with the possibility of successfully retrieving above 80% of data from the measuring instruments. By extension, the study suggests that the ITU model for signal budgeting needs modification since the turbulent atmosphere comprising of homogenous or heterogeneous aerosols layers engender multi-refractivity. The new concept of this study shows that the ITU model should include dynamic parameters since the atmospheric constant over a geographical area may change with time. For uniformity sake, we suggest that manufacturers, atmospheric scientists and meteorologists should review the atmospheric constant over their air-space to ensure continuous dataset retrieval.
